The nauplii of the brine shrimp A r l e n~i a salit~a are dependent upon the function of their salt gland to maintain osmotic pressure within narrow limits. A number of drugs interfere with this function and are lethal to the nauplii. Saliva and serum from normal persons. patients with cystic fibrosis, and obligate heterozygotes were tested for lethal effect against brine shrimp nauplii. At salt concentrations between 100 mM and 2.5 M no difference was found among the phenotypes. At lower concentrations a difference was noted occasionally between some normal subjects and some individuals carrying one or two genes for cystic fibrosis. Data from an independent series of experiments indicate that the naupliar deaths result from distorted ratios of Na+/K+ and not from a specific gene product.
persons homozygous for the C F gene there is no test that will consistently separate heterozygotes (genotype C/c) from patients (genotype c/c) or normal individuals (genotype C / C ) . Our own interest in tests for detecting heterozygotes stems from our work in counseling families in which this gene is segregating, from our population and genetic linkage studies (2) . and from interests in delineating the biochemical defect basic to this disease (6) . Preliminary work with the larval form of the brine shrimp. Artetnia salina, reported in the accompanying paper (4) indicated that secretions from patients with C F might interfere with the metabolism of these organisms (5) . Our own attempts to develop a test for the C F gene product and the attendant frustrations are reported here.
MATERIALS A N D METHODS
Brine shrimp were obtained. stored, and grown as described by Hootman el al. with some slight modifications suggested by Dr. Conte (7) . In experiments with synchronized nauplii, animals hatched between 17 and 19 hr after the start of hydration were utilized.
Probands and their parents were from families under study. All probands had elevated sweat chlorides confirmed in our laboratory. Normal control subjects were volunteers. Genotypes are designated as C / (presumed normal. 0.95 probability of C/C); C/c, obligate heterozygote; c/c, C F .
Stimulated parotid saliva or paraffin-gum-stimulated whole saliva was collected in plastic or glass vials. Venous blood was allowed to clot and the serum separated. Saliva and sera were stored at 4O or 2 0 " . Sodium and potassium concentrations were determined by flame photometry or conductance.
Experiments were performed in small (6 x 50 nim) culture tubes (I I ) and in plastic plates with 2-ml cups (12) . Whereas only 8-10 nauplii were used/tube in the preliminary experiments. 50 100 nauplii were placed in each well for the plate experiments, and at least two wells were counted for each concentration of salt or material tested. For ease of presentation only the average figures are given in each table or figure, and only representative data are included. When only survivals after 20-24 hr are revealing. the data obtained at intermediate times are omitted. Evaporation was minimized by placing the plates on a wet towel inside a humid box. The oxygen uptake experiments were performed in a Gilson respirometer ( 13) .
R E S U L T S S U R V I V A L E X P E R I M E N T S I N T U B E S
These experiments are summarized in Table 1 . Eight to ten nauplii from 1 to 8 days old were transferred to 50 Instant Ocean Sea Salts (10) (14) in a small culture tube containing 50OPl parotid saliva. The number of dead shrimp was recorded every 5 min for 45-60 min. Results were considered positive when half or more of the shrimp were dead by 45 min and negative when less than half were killed within this span of time.
From the results entered in Table I it is apparent that approximately one-half the normal subjects were positive and that there was no consistency in the results obtained from a single individual when he was tested on different occasions. However carriers of the C F gene and C F patients both tested positive more often than did normal subjects. These preliminlzry results, using only a few nauplii per sample. encouraged us to niodify the approach and to engage in large scale experiments in which several conditions were varied, and the ratio of salts controlled. These are described below.
Saliva. In order to minimize the dilution of any active materials in saliva, the effect of salt concentration on the viability of 22-hr-old nauplii was determined after addition of varying amounts of solid NaCl to 0.4 ml saliva in a 2-ml cup. The shrimp were added to the saline-saliva mixture containing 0. I ml 50 m M NaCI. The final concentration of NaCl was 50-1,000 mM. Each experiment was performed in duplicate. The nauplii were observed at 0, 30, 45, and 60 min and after 2.4, 6, 8, 16, 20, and 24 hr. As is obvious from Figure I , the shrimp fared somewhat better in saliva adjusted to the higher salt concentrations than in the saline solutions without saliva. At 50 m M NaCl however, the saliva from either the CF patient or a normal control subject was toxic to the DO BRINE S H R I M P DIAGNOSE CYSTIC FIBROSIS? 8 13 shrimp. whereas the corresponding saline solution was not. That the toxicity probably resulted from the distorted ratio of N a + / K t is apparent from the survivals at 8 hr of nauplii in solutions containing varying amounts of N a + and K + . (Data. provided by Dr. Conte. are presented in Table 2 .) At higher (1.5-2.5 M ) concentrations of salt. there was no consistent difference noted between control and C F saliva (Table  3) .
In two separate experiments saliva was dialyzed apainst 1 0 before dilution with 1 0 . There were no differences in deaths at 22-24 hr among C / -, c/c. and 10-treated nauplii 30 or 48 hours old (Table 4 ). There was also no difference noted whether the saliv:~ was diluted to 90% or 33% in 1 0 . The state of the specimen (fresh or frozen), the age of the nauplii. and the concentration of the saliva did not affect the results.
Serum. These experiments were performed with serum diluted with saline solution in the presence or absence of 1 0 . The a Iva. mechanics of the experiments were described above for s I' Exaniples of the results obtained in an experiment in which nauplii were treated with 1.5 M NaCl in the presence or absence of 1 0 are summarized in Figure 2 . N o obvious difference between the presumed normal ( C / -) and CF (c/c) individuals is apparent in this test. The age of the nauplii affected their survival but not their ability to discriminate between normal and C F sera. Thc 22-hr-old nauplii were much less hardy, and either normal or C F sera killed ' Eight to ten nauplii per tube. +: 50% or more nauplii dead in 45 min:
-: <5047r, dead in 45 min. almost all of the shrimp by the 16th hr of treatment. In the case of the older nauplii, the sera seemed to be protective. The presence of 1 0 resulted in increased survival of older nauplii. particularly when serum was absent (siti,~le circled poir7t.y in figure) .
In a final experiment. serum was dialyzed against a solution of 0.1 M NaCl and 0.004 M KCI, or against 1 0 , or used undialvzed but slightly diluted by the solution used to transport the nauplii. The sera were used to treat 24-hr-old nauplii. No consistent differences among genotypes were noted at any of the electrolyte concentrations (Table 5) . These experiments rule out age of nnuplii and presence or absence of 1 0 as Factors in the results.
EFFECT OF CF S A L I V
The experiments were performed in a differential respirometer (10) . Each 25-ml flask contained a KOH wick in the inner well and 500-2,000 nauplii in 3 ml liquid in the outer well. The liquid phase was either a 2:l mixture of whole saliva or serum-I0 or that mixture fortified with salt to a final concentration of 0.5 M NaCI. 0, uptake was measured over a 2-12-hr period after preliminary equilibration. Controls consisted of nauplii in 1 0 alone or with the addition of KC1 or ouabain. The data from three experiments are presented in Table 6 . As is apparent from the results of the experiments, there was no significant difference in 0, uptake between control ( I 0 only) or test ( 1 0 + saliva) samples. Older nauplii took up more oxygen, and as expected, both KC1 and ouabain decreased 0, uptake. In addition to those shown in Table 6 , Frozen (specimens 1-3). One day or less (specimens 4-8).
All specimens stored in refrigerator 2-3 days and dialyzed against Instant Ocean Sea Salts (10) before dilution with 10. data were obtained from additional experiments with small numbers of samples, three of saliva and one of serum. In the experiments with saliva. 0, uptake by 24-hr-old nauplii was measured at 25" or 35". N o decreases in 0, uptake were noted when any of the genotypes were employed in either the saliva or serum experiments. In all the experiments treatment with KC1 markedly decreased 0, uptake. The consumption of oxygen was generally greater in the presence of saliva than in its absence. There was no correlation between genotype and survival of nauplii at the end of the experiments.
DISCUSSION
Larval brine shrimp possess a neck organ that functions a s a salt pump (3) . Certain cardiac glycosides interfere with the action of this pump (5) . Thus it seemed logical t o suspect that other factors interfering with the transport of electrolytes might also interfere , with the function of the neck organ. Because saliva and serum of patients with CF are reported to contain a substance or substances that interfere with sodium resorption in the parotid gland of the rat (9) , it was decided t o test these fluids against brine shrimp. In preliminary experiments (data not shown) no difference was noted when tests were performed in saliva obtained from any of the Table 5 . 
D O B R I N E S H R I M P D I A G N O S E C Y S T I C F I B R O S I S ?
815 Table 6 . genotypes adjusted to 0.15 M concentration of NaCI. Attempts were then made to stress the shrimp by varying the salt concentration. At low concentrations approximating those found in saliva. shrimp were regularly killed by C F saliva and often by normal saliva. In a separate series of experiments this killing was found to be a function of the ratio of N a + / K + rather than the origin of the saliva specimen. Both ions must be present and in certain proportions to assure maximum survival. especially over extended periods of time. However, at concentrations of N a + greater than 100 m M the concentrations of K + found in saliva exerted no material influence on the survival of shrimp in control experiments (no saliva present). Therefore a series of experiments was performed in which the concentration of Na+ was adjusted to 100 m M or greater. The bulk of the experiments reported above show that at concentrations of N a + ranging from 50 to 2,000 m M brine shrimp survive equally well in saliva derived from normal and CF individuals. Several factors may account for these results. During the development of the brine shrimp control of osmotic pressure passes from the neck organ to the leg segments. The gut is not developed at hatching but forms in 48 hr, after which the nauplii begin to feed. These changes affect both the normal handling of salt and water by the shrimp and possible areas of contact between the organism and the saliva or serum used in these tests. For these reasons tests were performed with shrimp of different ages. The outcome was the same regardless of the age of the nauplii. and whether they were capable of feeding or not.
In an abstract it was reported recently that saliva of CF patients inhibits the uptake of 0, by nauplii (I). The experiments reported here fail to confirm that finding. In the absence of details on methodology, we can only speculate on the reasons for the discrepancy.
The results of a series of experiments in which saliva, serum, salt concentration and age of nauplii were varied have not led to development of a means to distinguish between patients with cystic fibrosis, their parents, and normal individuals.
S U M M A R Y
In an attempt to develop an assay for the product of the gene for cystic fibrosis and thus a way of detecting carriers of the disorder. nauplii of the brine shrimp Arten~ia salina were exposed to serum and saliva from affected patients. their parents, and normal individuals. When the criterion was naupliar survival, neither serum nor saliva from normal subjects, obligate heterozygotes, or affected individuals had a striking effect when observed over a 20-24-hr period in the presence of various concentrations of sodium chloride. Varying the age of the nauplii from 20 to 48 hr was also without effect. Several experiments with nauplii of different ages failed to show any consistent interference with oxygen uptake. It was concluded that under the conditions tested, brine shrimp larvae could not be used to distinguish the cystic fibrosis phenotypes from each other or from normal subjects.
